We aimed to investigate whether varicocele (VC) in rats can cause Sertoli cell-only syndrome (SCOS).
Background
The incidence of varicocele is 15-20%, and many patients have low qualified semen, impaired testicle histology, and even worse fertility. Varicocele is defined as the condition in which the pampiniform venous plexus in the scrotum is enlarged abnormally because testicular veins near the testis are compressed by a nearby structure. It is reported that 15-20% of males have varicocele [1] , most of them adolescence, and of these, 21-41% are diagnosed as sterile [2] [3] [4] . In addition, varicocele during adolescence has damaging effects on the testis in rats [5] . Varicocele leads to smaller [6, 7] and softer [8] testes, progressive impairment of the ipsilateral testis [9] , atrophy of the bilateral testis [10] , stunt of testis [11] , reduction of sperm counts [12] , and even SCOS can occur when varicocele is serious. Tchovelidze et al. did testicular biopsy for 221 patients with bilateral varicocele, and reported that 20 of them had SCOS [13] .
SCOS is characterized by normal secondary sex characteristic, but bilateral testis are smaller, and have azoospermia (complete lack of germ cells), and pathological biopsies show no spermatogenic epithelium in convoluted tubules, and only Sertoli cells exist in it. Varicocele might cause clinical SCOS, but evidence supporting this is conflicting [14, 15] . Here, we report that SCOS can occur in experimental varicocele rats.
Material and Methods

Animals
Forty third-grade male rats, 6-7 week old, weighing 220-330 g, were purchased from the Laboratory Animal Centre of Zhengzhou University, Zhengzhou, China. All the experiments were authorized by the Ethics Committee of People's Hospital of Henan Province. All rats were divided into 4 groups: 20 varicocele models were made by surgery, 10 of them were killed and sampled 4 weeks later, and the other 10 were killed and sampled after 12 weeks. Another 20 rats were used as sham operated groups after 4 and 12 weeks. This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal use protocol has been reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of Henan Provincial People's Hospital.
Surgery methods
Rats were anaesthetized by injecting 5% chloral hydrate into the abdomen. The upper abdomen was approached through a midline laparotomy incision. The abdominal contents were pushed to the right gently to expose the left kidney, left adrenal gland vein, inferior vena cava, left renal vein, and left spermatic vein. Adipose tissues and loose connective tissues circling left renal veins were dissected bluntly. The left renal veins wept sometimes when dissected bluntly, and the bleeding had to be stopped by pressing the wound for 2-4 min. A tunnel was made under the left adrenal gland vein and spermatic vein proximal to the vena cava with tearing, and a silk 3/0 was inserted through the tunnel. By using a metal pole of 0.55-mm diameter, the left renal vein was ligated up to 50%. After the ligation, the metal pole was removed and the rest of the renal vein was recovered, and rapid distension of left renal vein could be seen because of the increased pressure from the ligation. The increased pressure of the left renal vein was transmitted into the left spermatic vein, and induced the left varicocele [16, 17] . The sham operated group rats underwent exactly the same surgery as the other groups except for the ligation. The incisions were sewed by silk 3/0 and the wounds were bound with sterilized dressing. Cefotaxime sodium was injected into the abdomen to prevent infection. Dressing was regularly changed and silk was broken up 7 days later. All rats were fed in different cages with standard granular feed after the laparotomy.
Observation of semen
The cauda epididymidis was cut after rats were killed, the adhering anadesma and adipose tissues were removed. After being washed by physiological saline, sperm were collected by an approach based on diffusion of sperm [18] . Epididymidis were put in petri dishes and deeply cut 5 times lengthways using a small scissors, then they were transferred to 3 mL of physiological saline preheated to 37, and were extruded gently using a pair of nippers to help the epididymal fluid diffuse out, then the petri dishes were incubated for 10 min in 37°C in a constant temperature incubator. Sperm suspension was mixed gently and 50 μL was diluted to 3 mL by physiological saline preheated to 37°C. Density and viability of sperm in 10 μL dilution were analyzed by use of a computer-assisted sperm analysis system (WLJY-9000 color semen analysis system, Beijing Weili New Century Science & Tech. Dev. Co. Ltd., China) on a blood cell counting chamber.
Testicular slices
Bilateral testis were taken out when rats were killed at the 4 th or 12 th week, and were fixed with 0.1 M Bouin's solution (containing 5% acetic acid, 4% formaldehyde, and 0.9% picric acid) for more than 24 h after being washed with physiological saline. After fixation, testis were stepwise dehydrated by 50%, 70%, 80%, 90%, 95%, and 100% ethanol, at least 1 h each step. Then testicular tissues were hyalinized using dimethylbenzene, embedded in paraffin, and 5-μm slices of each testicle were made and stained with hematoxylin and eosin.
The prepared slides were coded and examined with an optical microscope (Olympus, Tokyo, Japan).
Statistical analysis
All data were analyzed by SPSS 13 for Windows (SPSS Inc, Chicago, IL, USA), all results are shown as mean ± standard deviation, and all the comparative analyses were done by ANOVA.
Results
Varicocele caused Sertoli-cell-only syndrome
In rats of both 4-weeks and 12-weeks control groups, histological structures of the testis were normal, spermatogenic cells of each spermatogenic cycle in seminiferous tubules were arranged in an orderly manner and were highly distinguishable, sperm genesis was normal, and there were many sperms in the lumen ( Figure 1A ). Leydig cells in mesenchymal reign were distributed singly or in clusters, and were shown as regular triangle or polygon large cells. Cytoplasm was abundant and eosinophilic and had uniform color, the nuclei were round or oval, the chromatin was evenly distributed, and the nucleoli were obvious ( Figure 1A ).
In rats of both 4-weeks and 12-weeks experimental groups, histological structures of the bilateral testis were impaired, shown as focal or diffuse focuses, and most of them were focal ( Figure 2 ). The histological structure impairment of testis in rats of the 4-weeks experimental group was light, spermatogenic cells of each spermatogenic cycle in seminiferous tubules were visible, the combinations of epithelia were almost normal or a little turbulent, caducous spermatogenic cells could be found in a few lumens, and artery and capillary in mesenchyme were ectatic and bloodshot. The histological structure of the testis in rats of the 12-weeks experimental group were impaired more heavily than in the 4-weeks experimental group, seminiferous tubules were atrophied, spermatogenic cells of each spermatogenic cycle in seminiferous tubules were a little turbulent, spermatogenesis stopped in the severe ones (most of them stopped at the stage of primary spermatocyte 20: 1931-1936 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License or androcyte, no mature sperm in lumens), most spermatogenic cells (spermatocyte and androcyte) were flaked, mesenchymal cells were denatured, diminished, and smaller, cytoplasm was reduced and granular, nuclear deformed and were deeply dyed, and distribution of chromatin became non-uniform ( Figure 1B ). This indicated that varicocele caused progressive histological impairment in rats.
The left testicle of 1 rat in the 12-weeks experimental group was seriously impaired, more heavily than the other ones in the same group. Seminiferous tubules atrophied drastically, spermatogenic cells in the lumen were completely flaked, degraded, or absent and, only Sertoli cells lined the seminiferous tubules ( Figure 1C, 1D ).
Varicocele caused low quality of semen Dilution of semen was done by an approach based on diffusion of sperm (17) analyzed by computer-assisted sperm analysis system (WLJY-9000 color semen analysis system) on a blood cell counting chamber. As shown in Table 1 , sperm density and viability in the 4-weeks experimental group are almost the same as in the control group, but sperm density and viability in experimental group 12 weeks were significantly lower than in the control group (P<0.01).
Discussion
Our results indicate that left varicocele caused obvious impairment of the homolateral testicle in rats, most of them shown as focal focus, which looked like spots. We also found other histological damage, including degradation of spermatogenic epithelia, abortion of sperm genesis, flaking of spermatogenic cells, atrophy of seminiferous tubules, hydroncus of mesenchymal cells, and bloodshot capillary vessels. All these are similar to the pathological changes in adolescents with varicocele, some of which are sterile [9, [19] [20] [21] [22] . In our experiments, sperm genesis of some models still worked, but the spermatogenic epithelia and cells flaked dramatically, the caduceus epithelia and cells congested almost the whole lumen of the deferens, which is also consistent with the clinical symptoms of sufferers being sterile due to varicocele, usually showing as acceleration of abnormal sperm, few sperm, or azoospermia [23] . Experimental varicocele-caused histological impairment in animals has also been reported. The histological changes of the testis caused by varicocele were usually focal, and if it happened as diffusion in bilateral testis, the fertility was affected [24] . For instance, Choi et al. found that left varicocele in 7-week-old rats caused significant reduction of testicular weight, and decrease of seminiferous tubular diameter in the left testis 4 weeks after the varicocele were created [25] . Other A B Figure 2 . Left testicle of rat with varicocele was slightly (A) or severely (B) atrophied (magnification ×400).
Indexes
Sperm density (10 6 /ml) Sperm livability (%) 20: 1931-1936 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License histological changes, such as degeneration of germinal epithelium, tubular atrophy, Sertoli cell hyperplasia, and interstitial edema, were observed. Asci et al. also got similar results -there were severe histological abnormalities in the left testes in 2 of 8 rats with left varicocele, and changes in the right testis were detected in 1 rat [26] .
In addition, varicocele caused progressive histological impairment in rats, because the 12-weeks experimental group had more severe histological changes than the 4-weeks experimental group; similar to the report of Zheng et al. on experimental varicocele in rats [9] . Clinically, incidence of varicocele was 35% of men with primary infertility (who never had children) and 81% of men with secondary infertility (who have children but are infertile now). Men with secondary infertility and varicocele had lower sperm concentration and more abnormal sperm compared with men with primary infertility and varicocele [27] . Chehval et al. did research on 13 men with varicoceles, and verified that the sperm density in semen became lower as they became older [28] , suggesting that varicocele caused progressive damage.
Our results verified that sperm density and viability in the 12-weeks experimental group was significantly lower than in the control group and we inferred the reason might be the severe pathological changes of the testis. In other reports, the common pathological change of left varicocele in rats was abortion of spermatogenesis in the bilateral testis, but it is more severe in the left testicle and most of the spermatogenic cells aborted at the stage of primary spermatocyte or androcyte [20, 21] . Clinically, it is reported that in 716 patients with varicocele, about 33.3% presented with normozoospermia, followed by asthenozoospermia (17.9%), oligoasthenoteratozoospermia syndrome (14.2%), and oligozoospermia (13.2%) [29] . It could lead to azoospermia when varicocele was serious [30] . These results and our results all show that varicocele can cause lower quality of semen.
It has been reported that left varicocele of rats caused acceleration of blood flow, higher temperature, and less oxygen in the testis, causing atrophy of the testis and reduction of sperm [12, 31, 32] . Varicocele surgery could improve the density, vitality, and shape of sperm, and reduce the response of oxidation and impairment of sperm DNA [33] . Abdel-Meguid proved that even a patient with azoospermia caused by varicocele could be fertile after surgery [34] . Ishikawa et al. reported that after varicocelectomy, spermatogenesis was induced in 2 of the 6 men with non-obstructive azoospermia, and 4 of the 54 men with severe oligospermia achieved paternity, with unassisted pregnancies [30] . It has been suggested that varicocelectomy in infertile men with palpable varicoceles and impaired semen quality could increase the rate of spontaneous pregnancy and improve semen characteristics within 1 year of follow-up.
However, there are few chances to recover the fertility of patients with azoospermia caused by varicocele after varicocelectomy; intracytoplasmic sperm injection was suggested to assist reproduction under these conditions [34] . If the patient with varicocele and azoospermia was diagnosed as SCOS, there were no sperm could be observe after varicocelectomy. Mehta et al. reported that it is controversial whether it is necessary to do varicocelectomy for patients with non-obstructive azoospermia, and they might use assisted reproductive technology directly [35] .
Conclusions
Our results confirmed that experimental varicocele could cause homolateral testis being impaired progressively. The histological structure of the testis in rats with varicocele had progressively more severe pathological changes after varicocele, and SCOS could be induced when the damage was severe. Because varicocele can cause a progressive impairment to the testicle, we suggest that adolescents with varicocele should undergo varicocelectomy as early possible to reduce the chance of occurrence of azoospermia or SCOS.
